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1. INTRODUCTION 

This summary report has been prepared by Geosyntec Consultants, Inc. (Geosyntec) for 
Pacifica Services, Inc. (Pacifica) to present the findings of a desktop-level evaluation of 
appropriate seismic design criteria and preliminary estimation of corresponding design 
response spectra in support of the Draft Environmental Impact Report (EIR) for the 
proposed Inglewood Transit Connector Project (the ITC; Project) in Inglewood, 
California. This report was prepared by Dr. Glenn J. Rix and reviewed by Mr. Christopher 
Conkle, P.E., G.E., of Geosyntec, in accordance with the peer review policy of the firm. 

1.1 Project Description 

The City of Inglewood (City) is in the process of developing an automated people mover 
system (APM) titled the Inglewood Transit Connector (the ITC) project that would 
provide a transit connection from downtown Inglewood and the Metro Crenshaw/LAX 
line to the City’s major activity centers, including the Forum, the Los Angeles Stadium 
and Entertainment District (LASED), and the proposed Inglewood Basketball and 
Entertainment Center (IBEC). 
. 
Pacifica Services, Inc. (prime contractor with the City) team is preparing an EIR under 
the requirements of the California Environmental Quality Act (CEQA) to support the 
Project. 

Per the ITC Project Initial Study, released in July 2018, the Project will consist of an 
elevated APM system. The length of the proposed APM system is approximately 
1.8 miles, extending southward from the Market Street/Metro Crenshaw Line connection 
along South Market Street, continuing eastward along East Manchester Boulevard, 
southward along North Prairie Avenue, and terminating at the intersection of West 
Century Boulevard and Prairie Avenue located adjacent to the LASED and IBEC 
(Figure 1). In addition to dual aerial guideways, the project will also consist of five APM 
Stations (ICS), a Maintenance and Storage Facility (MSF) and an Intermodal 
Transportation Facility (ITF). Potential locations of these facilities are shown on Figure 1. 

An alternative to the base project description is also being considered which relates to a 
parcel at the southeastern corner of Market Street and Florence Avenue. This alternative 
is referred to as the “Market Street Alternative.” At the location identified in Figure 1, the 
Market Street Alternative would include an alternate guideway alignment near the 
northern terminal of the line, a pedestrian walkway connecting to the Metro Florence/ 
La Brea Station, an above-ground mezzanine, vehicle parking, and potentially 
commercial and residential development. A combined evaluation of both the base Project 
and Market Street Alternative is presented in this report.  
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CEQA Guidelines indicate that a project would be impacted by a seismic event if it were 
to “expose people or structures to potential substantial adverse effects, including the risk 
of loss, injury, or death, involving strong seismic ground shaking.” Southern California 
is a seismically active region with numerous faults capable of causing strong seismic 
ground shaking at the site. This is a potentially significant impact requiring mitigation. 

1.2 Objective and Scope of Services 

The objective of this desktop-level evaluation was to provide information regarding the 
appropriate seismic design criteria for the Project, along with a preliminary evaluation of 
the corresponding ground shaking intensities. This evaluation is not intended to replace a 
site-specific seismic hazard evaluation in support of detailed engineering design for the 
Project.  

Professional services in support of this Project were performed in accordance with our 
approved proposal, dated 21 September 2018. The scope of services included the 
following: 

 Review applicable guidance; 

 Develop seismic design criteria and design response spectra; and  

 Preparation of this report. 
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2. DISCUSSION OF APPLICABLE SEISMIC DESIGN STANDARDS 

2.1 Review of Seismic Design Standards 

To identify appropriate seismic design standards for the project, the following design 
standards were reviewed as part of the preparation of this report.  

1. California Building Code (CBC), 2016, Title 24, Part 2, Volumes 1 and II; 
California Building Standards Commission and International Code Council. 
(Including local amendments and guidelines) [CBC, 2016]. 
 

2. American Society of Civil Engineers, Structural Engineering Institute 
(ASCE/SEI), 2017; Minimum Design Loads and Associated Criteria for 
Buildings and other Structures, ASCE/SEI 7-16, (including errata) 
 

3. Caltrans Seismic Design Criteria (SDC), Version 1.7, April 2013 
 

4. American Association of State Highway and Transportation Official (AASHTO) 
Load and Resistance Factor Design (LRFD) Bridge Design Specifications, 8th 
Edition, November 2017 with California Amendments. 
 

5. AASHTO Guide Specifications for LRFD Seismic Bridge Design, 2nd Edition 
with 2015 Interim Revisions. 
 

6. Metro Supplemental Seismic Design Criteria (MSSDC), Revision 4. [Metro, 
2012] 

2.2 Selection of Metro Supplemental Seismic Design Criteria  

After review of applicable guidance with respect to development of seismic design 
criteria and selection of design ground motions, the approach recommended in the 
MSSDC, Revision 4 [Metro, 2012] or the most current version of this guidance available 
at the time of the design is recommended for adoption by the Project. This document, 
referred to as MSSDC, is included as Appendix A. The MSSDC has been developed for 
use in the local area on projects similar to the ITC and provides a consistent framework 
for evaluating both planned aerial structures as well as ancillary surface facilities. It is 
thus recommended as an appropriate basis for design of this Project.  

2.3 Recommended Two-Level Ground Motion Approach 

The MSSDC seismic design criteria is a probabilistic design approach with two levels 
and an assumed design life of 100 years as follows per Metro (2012): 
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1. “An operating design earthquake (ODE) defined as an earthquake event likely to 
occur only once in the design life.” 

2. “A maximum design earthquake (MDE) defined as an earthquake event with a 
low probability of occurring in the design life.” 

The probabilistic seismic ground motion criteria associated with each level are as follows: 

 ODE: 50% probability of exceedance in 100 years (144-year return period); and 

 MDE: 4% probability of exceedance in 100 years (2,475-year return period). 

For the assumed 100-year design life of the ITC, the MDE approximately represents the 
return period used to design new buildings and is similar to ground motion return periods 
selected for other similar recent transit projects. The ODE is similar to the operations-
level design used for various recent transit projects. Further rational for the Metro’s 
adoption of this two-level policy may be found in Section 1.2 of the MSSDC. 

2.4 Design Objectives 

The objectives in selecting the design criteria are outline in Section 1.3.2 of the MSSDC 
and are shared by the ITC Project. These objectives are summarized as follows [Metro, 
2012]: 

 ODE: “structures should be designed to respond without significant structural 
damage, the low level of damage that may occur shall be repairable during normal 
operating hours.” 

 MDE: “the structure should be designed to survive the deformation imposed, 
avoid major failure, and maintain life safety. The objective is to provide adequate 
strength and ductility to prevent collapse of the structure. The extent of the 
structure damage should be limited to what is visible and repairable.” 

The ITC Project will consist of bridge structures supporting aerial guideways as well as 
ancillary surface facilities. The following are special considerations related to each of 
these project elements. These criteria are summarized in Table 1. 

Aerial Guideways and Bridges 

Per Metro (2012), for “bridges and aerial guideways, the design shall not result in less 
seismic performance capability than that required by Caltrans.” As such, ground motions 
developed for the ITC Project in accordance with the MDE level should be compared to 
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the Caltrans design spectrum per Caltrans SDC, Version 1.7, April 2013, and the more 
critical design load should govern. 

Ancillary Surface Facilities 

Per Metro (2012), ancillary surface facilities, such as the planned stations, the MSF, and 
the ITF may be “subject to both the code forces normally applied to surface buildings 
[CBC, 2016] as well as those being applied to the transit guideways. Whichever code 
applies the most critical set of requirements shall apply to the design.” 

Elements of the proposed Project, including ITC-related buildings and the potential 
commercial/residential development as part of the Market Street Alternative will be 
subject to review by the local building official, in this case, the City. As such, ground 
motions developed for the ITC Project in accordance with the MDE level should be 
compared to the CBC 2016, Title 24, Part 2, Volumes 1 and II, and the more critical 
design load should govern. In the case where commercial/residential structures are 
unrelated to or not connected to the ITC guideway or support buildings directly, the use 
of CBC 2016 design response spectra may be an appropriate basis for design at the 
discretion of the design engineer.  
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3. DEVELOPMENT OF DESIGN RESPONSE SPECTRA 

3.1 Introduction 

Based on the seismic design criteria discussed, corresponding design response spectra 
were developed for the aerial guideway structures and the building structures and 
ancillary surface facilities. The development of these response spectra was based on 
mapped values of ground motion for firm-ground site conditions. These ground motions 
were adjusted for near-fault effects, basin amplification, and local site effects.  

The following sections describe the process for the development of these elements for 
each of the relevant ground motion criteria. 

3.2 Site Conditions 

The Project is located within the Inglewood quadrangle as shown in Figure 2 [CDMG, 
2006]. The proposed APM system and MSF are located within a surface geologic unit 
designated as “older alluvium (Qoa),” which is described as stiff to hard clay and medium 
dense to very dense sand, silty sand, clayey sand, and silt. 

Figure 3 shows the distribution of the mean of the time-averaged shear wave velocity 
within the upper 30 meters (Vs30_mean) in the areas surrounding the ITC [CGS, 2019]. 
As indicated in the figure, the Vs30_mean along the alignment of the proposed APM 
system and MSF is 386.6 m/sec. Soils with this value of Vs30 are generally considered 
to be “very dense soil and soft rock,” which is consistent with the description of the Qoa 
surface geologic unit above. 

3.3 Probabilistic Seismic Hazard Spectra 

Brief summaries are provided below of the methodology used to develop the design 
spectra based on the MSSDC, Caltrans SDC, and CBC. 

3.3.1 Metro Supplemental Seismic Design Criteria 

Although the MSSDC references the 2008 version of the U.S. Geological Survey 
National Seismic Hazard Maps, this version is considered obsolete as of the date of this 
report. Instead, Geosyntec used current versions of the seismic source characterization 
(SSC) and ground motion characterization (GMC) to develop probabilistic design spectra 
for the ODE and MDE. The SSC is based on the Uniform California Earthquake Rupture 
Forecast Version 3.0 [UCERF3, Field et al., 2013]. UCERF3 is a joint undertaking of the 
U.S. Geological Survey (USGS), the California Geological Survey (CGS), and the 
Southern California Earthquake Center (SCEC), with support from the California 



 

ITC Seismic Design.20190626.F.docx 7  

Earthquake Authority (CEA). The GMC is based on the Next Generation Attenuation 
(NGA) West-2 ground motion prediction equations (GMPEs). The four GMPEs used 
along with their associated weights are as follows: 

1. Abrahamson, Silva, and Kamai (0.25); 

2. Boore, Stewart, Seyhan, and Atkinson (0.25); 

3. Campbell and Bozorgnia (0.25); and 

4. Chiou and Youngs (0.25). 

Kamai and Abrahamson (2015) have determined that no corrections to spectral 
parameters to account for near-fault effects are necessary for NGA West-2 GMPEs. 

The design response spectral values were obtained from the OpenSHA Hazard Spectrum 
Calculator v.1.4.0 [Field et al., 2003] using the mean UCERF3 earthquake-rate model. 
Basin effects were included by specifying the depths to Vs = 1.0 km/s and 2.5 km/s of 
563 m and 3.41 km, respectively, for use in the GMPEs.  

3.3.2 Caltrans Seismic Design Criteria 

The Caltrans response spectra were calculated using the Caltrans ARS Online tool 
Version 2.3.09. This web-based tool calculates both deterministic and probabilistic 
acceleration response spectra for any location in California based on criteria provided in 
Appendix B of Caltrans Seismic Design Criteria. The deterministic spectrum is 
determined as the average of median response spectra calculated using the Campbell-
Bozorgnia (2008) and Chiou-Youngs (2008) GMPEs developed under the NGA project 
coordinated through the PEER-Lifelines program. These equations are applied to all 
faults considered to be active in the last 750,000 years (late-Quaternary age) that can 
produce a moment magnitude earthquake of 6.0 or greater. The probabilistic spectrum is 
obtained from the USGS (2008) National Hazard Map for 5% probability of exceedance 
in 50 years. Caltrans design spectrum is based on the larger of the deterministic and 
probabilistic spectral values. Both the deterministic and probabilistic spectra account for 
soil effects through incorporation of the parameter Vs30. 

3.3.3 California Building Code 2016 

The design response spectrum corresponding to the CBC 2016 was calculated using the 
online tool provided by the Structural Engineers Association of California (SEAOC) and 
California Office of Statewide Health Planning and Development (OSHPD). The 
calculations are based on ASCE/SEI 7-10 and assume Risk Category II structures. Site 
Class C was used based on the Vs30_mean presented above. 
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4. RECOMMENDED DESIGN RESPONSE SPECTRA  

This section provides recommended response spectra for use in the ongoing planning 
process on the ITC Project. To facilitate the development of these recommended spectra, 
the Project alignment was divided in five segments, each surrounding a planned station 
along the Project alignment as identified in Figure 1. The response spectra provided 
should be considered applicable for both aerial guideway and ancillary structures within 
each segment under the base Project as well as for the elements of the Market Street 
Alternative. 

As part of the development of recommended design response spectra for the Project, an 
evaluation was conducted of the relative seismic hazard and nature of site conditions in 
each segment based on available information. The objective of this evaluation was to 
assess whether it would be appropriate to develop a single set of design response spectra 
to conservatively represent hazards to each segment of the project. The use of a single, 
conservative spectra is appropriate for the purposes of this study. Based on these 
evaluations and due to the similarity of the site conditions (Vs30_mean) and seismic 
hazard over the entire footprint of the project, the development of a single set of spectra 
using coordinates in the central portion of the project as representative was judged 
appropriate.  

The coordinates of the center of Segment 3 (labelled as Center of Segment 3 in Figure 1) 
were considered to be representative of the entire project area. The corresponding latitude 
and longitude are 33.959 degrees and -118.344 degrees, respectively. Figure 4 shows the 
results for the MSSDC (i.e., UCERF3/NGAWest2), Caltrans deterministic, Caltrans 
probabilistic, and CBC 2016 design spectra. These spectra are summarized in Table 2.  

Note that there are three Caltrans deterministic spectra corresponding to the Newport 
Inglewood Fault (A), Compton Fault (B), and Puente Hills Fault (C). The MDE design 
response spectrum exceeds the Caltrans and CBC 2016 spectra. 

This assessment of seismic hazard should be implemented in conjunction with the design 
approaches contained in Chapter 3, Part A of Supplementary Seismic Design Criteria 
(Metro, 2012) for Aerial Guideways and Bridges and the applicable section of CBC 2016 
for ancillary structures.  
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5. LIMITATIONS 

The conclusions, recommendations, and opinions made herein assume that subsurface 
conditions do not deviate appreciably from those found during the referenced previous 
investigations by others. This report has been prepared in accordance with current 
practices and the standard of care exercised by scientists and engineers performing similar 
tasks in this area. The conclusions contained in this report are based solely on the analysis 
of the conditions reviewed by Geosyntec personnel. We cannot make any assurances 
concerning the completeness of the data performed by others. This evaluation is not 
intended to replace site-specific geologic investigation in support of detailed engineering 
design for the Project. 

No warranty, expressed or implied, is made regarding the professional opinions expressed 
in this report. If actual conditions are found to differ from those described in the report, 
or if new information regarding the site is obtained, Geosyntec should be notified and 
additional recommendations, if required, will be provided. Geosyntec is not liable for any 
use of the information contained in this report by persons other than Pacifica Services, 
Inc., or their subconsultants, or the use of information in this report for any purposes other 
than referenced in this report without the expressed, written consent of Geosyntec. 



 

ITC Seismic Design.20190626.F.docx 10  
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Table 1: Summary of Seismic Design Criteria 

 Design Criteria 

Operating Design 
Earthquake (ODE) 

Maximum Design 
Earthquake (MDE) 

Design Objective 

“Structures should be 
designed to respond 
without significant 
structural damage, the 
low level of damage that 
may occur shall be 
repairable during normal 
operating hours.” 

“Structures should be 
designed to survive the 
deformation imposed, 
avoid major failure, and 
maintain life safety. The 
objective is to provide 
adequate strength and 
ductility to prevent 
collapse of the structure. 
The extent of the structure 
damage should be limited 
to what is visible and 
repairable.” 

Project 
Elements 

Aerial 
Guideways 
and Bridges 

144-year return period 
event  

2,475-year return period 
event, compare to Caltrans 
seismic design criteria and 
apply the more critical 
design load. 

Ancillary 
Surface 

Facilities 

144-year return period 
event  

2,475-year return period 
event, compare to the 
applicable CBC 2016 
loading and apply the 
more critical design load. 
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Table 2: Summary of Recommended Response Spectra 

Spectrum 

Spectral Acceleration at Identified Period (g) 

0.01 
(PGA) 

0.1 0.2 0.3 0.5 1.0 2.0 3.0 4.0 5.0 

ODE 0.31 0.61 0.76 0.72 0.55 0.29 0.13 0.08 0.06 0.04 
MDE 0.95 1.78 2.67 2.39 2.02 1.23 0.56 0.35 0.24 0.18 

Caltrans 
Deterministic 

A 
0.55 0.89 1.14 1.18 1.14 0.96 0.49 0.30 0.21 0.16 

Caltrans 
Deterministic 

B 
0.53 0.93 1.16 1.11 0.96 0.67 0.25 0.12 0.07 0.06 

Caltrans 
Deterministic 

C 
0.42 0.73 0.92 0.89 0.78 0.57 0.23 0.13 0.09 0.07 

Caltrans 
Probabilistic 

(5%/50 years) 
0.56 1.05 1.23 1.23 1.05 0.79 0.39 0.24 0.17 0.14 

CBC 2016 0.54 1.17 1.17 1.17 1.11 0.56 0.28 0.19 0.14 0.11 

 



 

ITC Seismic Design.20190626.F.docx   

 

 

 

 

 

 

 

FIGURES 


















































































































































































































	Apx_K_Geo.pdf
	K.1
	1. introduction
	1.1 Project Description
	1.2 Objective and Scope of Services

	2. methods
	3. Alquist-priolo earthquake fault zones and faults
	4. records review
	4.1 City of Inglewood Building and Safety Division
	4.2 CGS
	4.3 Caltrans
	4.4 Los Angeles County Department of Public Works
	4.5 Metro
	4.5.1 Earth Mechanics, Inc., [EMI, 2010]
	4.5.1.1 Aerial Photography Analysis/Geologic Mapping
	4.5.1.2 Geophysical Survey
	EMI’s interpretation of seismic reflection profiles indicated two geophysical anomalies located west of La Brea Avenue that generally coincides with the mapped Inglewood fault and are within the designated APEFZ.
	4.5.1.3 Subsurface Drilling
	4.5.1.4 Conclusions and Recommendations

	4.5.2 Geotechnical Data Report, [HMM, 2012a]
	4.5.3 Preliminary Geotechnical Engineering Design Technical Memorandum [HMM, 2012b]
	4.5.4 Discussions with Metro Technical Personnel

	4.6 USGS

	5. summary of findings
	5.1 Potential Fault Rupture Hazards Identified
	5.2 Initial Design Inputs
	5.3 Data Gaps

	6.  conclusions and recommendations
	7. Limitations
	8. References
	ITC Fault Rupture Eval Figures.F.190927 (Combined).pdf
	Figure 1 Site Location June 2019
	Figure 2 Geologic Map June 2019
	Figure 3 Fault Map June 2019
	Figure 4 Previous Fault Hazard June 2019
	Figure 5 Market St Alt June 2019
	Figure 5a Twinsite Fault June 2019

	Table 1 - Inglewood Fault Reports Data.REV.pdf
	Compiled For Report


	K.2
	All Figures.pdf
	Figure 2
	Figure 3
	Figure 4


	K.3


